Wintering mule deer (Odocoileus hemionus hemionus) preference was determined for 7 accessions of black sagebrush (Artemisiu nova) grown on a common garden. Preference as expressed as percentage of current annual growth eaten varied from 0.0 to 82.7%. An accession called Pine Valley Ridge was significantly preferred by the deer over theother 6 accessions. We also attempted to relate monoterpenoid content to preference. We found no significant relationship between the two.
Contradictory observations have been reported concerning the preference wintering mule deer (Odocoileus hemionus hemionus) have for black sagebrush (Artemisiu nova). Nagy and Regelin (1977) reported that black sagebrush was generally preferred by mule deer over big sagebrush (Artemisia tridentata). However, Smith (1950) and Sheehy and Winward (1981) reported that wintering mule deer preferred some sagebrush taxa over others, with black sagebrush the least preferred. These contradictory observations are probably due, in part, to genetic differences among the black sagebrush used in the studies. We have observed over the past 7 years differential preference on the part of wintering mule deer for accessions of black sagebrush growing on our uniform garden (Stevens and McArthur 1974, Welch et al. 1981) . These observations support the contention that genetic differences do exist. One genetic factor that has been reported as influencing mule deer preference is composition of monoterpenoids in the forage (Nagy and Regelin 1977) . We undertook this study to quantify the observed large differential preference occurring among accessions of black sagebrush and to determine the relationship between preference and monoterpenoids.
Methods and Materials
We selected 7 accessions of black sagebrush from a uniform garden located on the Gordon Creek Wildlife Management Area' near Helper, Utah for this study. The accessions had been transplanted as seedlings from various locatons (Table 1) . This transplanting took place in the spring of 1969; plants under study were about 13 years old. The accessions were planted in rows. Placement of the rows of black sagebrush on the garden was random among 106 rows of other shrubs. Of the 106 rows, 11 were accessions of black sagebrush.
Approximately 200 to 300 mule deer winter in the area for 2 to 3 months. Winter consumption in the garden is due to mule deer and a very small population of black-tailed jackrabbits (Lupus culzyornicus). Jackrabbit use on the garden was confined to grasses, forbs, rubber rabbitbrush (Chrysothamnus nauseosus), and an occasional big sagebrush plant. Mule deer distribution through the garden was even. In the spring, we could literally step from pellet group to pellet group across the depth and width of the garden. All 106 rows had deer tracks leading up and down the rows. Preference was determined from 7 plants chosen at random among 30 to 40 plants and another set of 7 plants was randomly selected to determine monoterpenoid content for each accession. Because of lack of available plants, only 4 plants were used for monoterpenoid analysis for the Spring Valley and Wingate Mesa accessions. Samples from these 2 accessions were composited. A total of 15 annual leaders per plant were randomly selected and were measured to the nearest centimeter in November 1982. The 15 measurements per plant were used to calculate a mean annual leader length per plant before browsing. Plants were remeasured using 15 randomly selected leaders the following April, 1983. A mean annual leader length after browsing was calculated. Percentage use was calculated by dividing the mean leader length after browsing by the mean leader length before browsing, multiplying by 100, and subtracting from 100. reported a precision error of 4% for this method.
In December 1982, vegetative samples (current annual growthstems and leaves) from the 7 plants per accession were collected at random throughout the entire crown of the plants. These samples were used to determine monoterpenoid content. The early sampling date was necessary because use on the Pine Valley and Spring Valley accessions was so great that had we waited longer there would not have been any current annual growth with terminal buds left for analysis. The early sampling date placed 2 important events close together: the selection of accessions by deer and the collection of forage tissue for monoterpenoid determinations. This is important because Cedarleaf et al. (1983) noticed significant changes in monoterpenoid concentrations over time. Samples collected from a plant were placed in a paper bag and frozen on site with dry ice. Later they were placed in plastic bags and stored at -35' C to prevent monoterpenoid loss.
Samples were ground in a motorized mortar and pestle which was precooled with liquid nitrogen. Liquid nitrogen was also poured over the samples to prevent loss of monoterpenoids and to aid in grinding the samples to a fine powder. The methods used for extraction and analyzing for monoterpenoids have been described by Welch and McArthur (198 1) .
The resulting data were expressed as percentage utilized (preference) and percentage of monoterpenoids (dry matter basis). An analysis of variance (completely randomized design) was used to detect significant (X0.05) preference differences among the 7 accessions of black sagebrush. Student-Newman multiple range test was used to test for significant differences among accession means. Utilization percentages were transformed to arcsin to avoid inequalities (Snedecor and Cochran 1967) . Correlation analysis was used to relate total and individual monoterpenoid content to preference.
McArthur (1974) agree that black sagebrush varies greatly in the amount of use received by wintering mule deer and domestic sheep. Also, the ranking of the 7 accessions is in line with our observations made over the past 7 years.
Results
Wintering mule deer preferred some accessions of black sagebrush over others (Table 2 ). Black sagebrush from the Pine Valley Dietz and Nagy (1976), Nagy and Tengerdy (1968), and Schwartz et al. (1980) suggest that monoterpenoid content adversely affects preference. Our study does not support these findings. Scholl et al. (1977) and Welch et al. (1982) reported no significant relationships between monoterpenoids and preference of several taxa of sagebrush by mule deer. Also, Welch et al. (1983) reported that an accession of big sagebrush (Hobble Creek) received about the same use as the Pine Valley Ridge black sagebrush but contained 3.5 times more monoterpenoids and 2.7 times more camphor, an oxygenated monoterpenoid. In summary, the accession of black sagebrush from Pine Valley Ridge was preferred by wintering mule deer over 6 other accessions but monoterpenoid content was not related to preference. We will be evaluating the Pine Valley Ridge accession for possible inclusion in the Soil Conservation Service Plant Material Development Program as a superior cultivar of black sagebrush. Total and individual monoterpenoid content for the 7 accessions of black sagebrush is given in Table 3 . Total monoterpenoid content among accessions ranges from 0.63% to 1.33%. Of the 7 identified monoterpenoids, camphor and o-pinene were highest in concentration (across all accessions) at 0.38% and 0.28%, respectively. The relationship (5df, P = 0.05, rL.754) between monoterpenoid and preference was not significant (Table 3) 
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Discussion
Results of differential preference among accessions of black sagebrush help to resolve conflicting statements in the literature. Smith (1950) observed that wintering mule deer preferred big sagebrush over black sagebrush. Sheehy and Winward (1981) made similar observations. However, Nagy and Tengerdy (1968) and Dietz and Nagy (1976) 
